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(57) ABSTRACT 

A thin, nearly wireless adaptive optical device capable of 
dynamically modulating the shape of a mirror in real time to 
compensate for atmospheric distortions and/or variations 
along an optical material is provided. The device includes an 
optical layer, a substrate, at least one electronic circuit layer 
with nearly wireless architecture, an array of actuators, power 
electronic switches, a reactive force element, and a digital 
controller. Actuators are aligned so that each axis of expan- 
sion and contraction intersects both substrate and reactive 
force element. Electronics layer with nearly wireless archi- 
tecture, power electronic switches, and digital controller are 
provided within a thin-film substrate. The size and weight of 
the adaptive optical device is solely dominated by the size of 
the actuator elements rather than by the power distribution 
system. 

6 Claims, 8 Drawing Sheets 
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Power control approaches are known within the art 
whereby small charge packets are used to control actuators. 
This approach offers both efficient power-to-mechanical- 
force conversion and very high resolution or accuracy. How- 
ever, devices employing this approach are inherently gain- 
bandwidth product limited due to the reliance on small charge 
packets. As such, this approach does not adequately correct 
distortions and variations encountered by many optical sys- 
tems. 

Power control approaches are also known within the art 
whereby each actuator is assigned a power amplifier so as to 
allow for the separate control of all actuators within an array. 
However, several deficiencies prohibit practical implementa- 
tions of this approach. First, the complexity and size of con- 
ventional wiring buss designs increase with actuator density, 
thereby causing electromagnetic interference, radio fre- 
quency interference, and capacitive loss problems. Second, 
the size and complexity of the power electronics prohibit 
actuator densities required to adequately control a contiguous 
optical element. 

What is currently required is an adaptive optics system 
having a power distribution and control system which avoids 
the problems of the related arts while providing a compact, 
affordable and reliable solution. 

1 
THIN, NEARLY WIRELESS ADAPTIVE 

OPTICAL DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional application of co-pending 
U.S. Non-Provisional application Ser. No. 10/872,974, filed 
Jun. 21,2004nowU.S.Pat.No.7,281,808,andclaimsbenefit 
0fU.S. ProvisionalApplicationNo. 601480,445, filed Jun. 21, 
2003. The subject matters of the prior applications are incor- 
porated in their entirety herein by reference thereto. 

FEDERALLY SPONSORED RESEARCH AND 
DEVELOPMENT 

One or more of the inventions disclosed herein were sup- 
ported, at least in part, by grants from the National Aeronau- 
tics and Space Administration, (NASA) under Contract No. 
NAS5-03014 awarded by NASA, Goddard Space Flight Cen- 
ter and Contract No. 1234082, awarded by the California 
Institute of Technology Jet Propulsion Laboratory (JPL) as a 
subcontract under JPL’s NASA prime contract. The Govem- 
ment has certain limited rights to at least one form of the 
invention(s). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to adaptive optics. 

Specifically, the invention is a device wherein the shape of an 
optical element is altered via an array of actuators controlled 
by a power distribution network. The power distribution net- 
work includes a matrix architecture having a high-speed 
microcontroller, digital signal processor, or field program- 
mable gate array therein. 

2. Description of the Related Art 
Active and adaptive optics refer to optical systems that 

dynamically modulate the shape of a mirror in real time to 
compensate for atmospheric conditions and/or variations 
along or within an optical material. For example, adaptive 
optics may compensate for atmospheric turbulence so that 
very faint objects may be imaged in long exposures. In 
another example, adaptive optics may compensate for varia- 
tions along or within an optical material related to defects or 
changes resulting from motion, gravity, and temperature. 
Adaptive optics offer image quality approaching the theoreti- 
cal diffraction limit. One advantage of adaptive optics is that 
fainter objects can be detected and studied when light levels 
are very low. 

An adaptive optics system includes an element, usually a 
deformable mirror, to restore a wavefront by applying a can- 
celing distortion based upon the shape of the distorted wave- 
front. Exemplary adaptive optics systems use a point source 
of light, one example being a star, as a reference to probe the 
shape of a wavefront. Light from the reference source is 
analyzed by a sensor and commands are communicated to a 
mechanical device which alters the surface of a deformable 
mirror to provide the necessary compensations. An adaptive 
optics system must adjust the shape of an optical element at 
least several hundred times per second to effectively remove 
atmospheric distortions and/or variations along an optical 
surface so as to achieve the best possible image quality. 

The application of active material actuators, including 
PMN and PZT elements, requires precise control of multiple 
actuators within an array. Precise control is directly related to 
the power delivery method. 
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6 5  

SUMMARY OF INVENTION 

An object of the present invention is to provide a thin, 
nearly wireless adaptive optical device capable of dynami- 
cally modulating the shape of a mirror in real time to com- 
pensate for atmospheric distortions and/or variations along an 
optical material. 

In the present invention, “matrix” refers not only to the 
physical arrangement of actuators but also to the logical inter- 
connection of actuators to each other and to the use of a single 
controller to communicate information to each actuator 
within an array. The present invention allows each actuator to 
be independently controlled. Each actuator receives a com- 
mand signal having a frequency, amplitude and phase unique 
to that actuator which may differ from that of the surrounding 
actuators. As such, each actuator may be commanded to an 
absolute position unique from surrounding actuators. 

The present invention comprises an optical layer, a sub- 
strate, at least one electronic circuit layer withnearly wireless 
architecture, an array of actuators, power electronic switches, 
and a reactive force element. Whereas, the size and weight of 
adaptive systems within the related arts are dictated by their 
power electronics and wiring system, the present invention is 
solely dominated by the size of the actuator elements. 

The optical layer, one example being a mirror, forms the 
outermost surface of the adaptive optics device. The optical 
layer is directly bonded, embedded, deposited or otherwise 
coupled onto one surface of a substrate. The substrate sup- 
ports the optical layer and is composed of a flexible material, 
one example being a graphite-fiber composite. 

An electronics layer with nearly wireless matrix architec- 
ture may be bonded, embedded, or otherwise coupled onto a 
first surface of the substrate opposite of the optical layer. The 
electronics layer is electrically isolated from the substrate. A 
second surface of the electronics layer contacts and may be 
bonded to one end of each actuator thereby providing elec- 
trical connectivity with and between actuators. The electron- 
ics layer should be sufficiently flexible so as to allow defor- 
mation of the substrate and optical layer. Circuitry for 
electrical connectivity is applied onto the electronics layer via 
known methods including etching, printing and deposition. 
Thin-film methods are used to deposit complex electronics 
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onto the electronics layer directly so as to allow for process- 
ing on the electronics layer. Thin-film architecture is pre- 
ferred since it allows for a more compact and lightweight 
device. 

Power electronic switches reside on the electronics layer as 
an integral part of the matrix architecture. Exemplary 
switches include thin-film transistors and discrete semicon- 
ductors. Power electronic switches sequence system power 
supplies to more efficiently distribute command and control 
to the actuators. One or more power amplifiers may also be 
provided to scan through the array to continuously update the 
array of actuators. 

Actuators are coupled to an electronics layer so as to com- 
municate the matrix architecture circuitry thereto. Each 
actuator is bonded to a power distribution location within the 
thin electronics layer. Several embodiments are possible for 
switch control. For example, a power switchmay be disposed 
adjacent to each actuator along the electronics layer. Alter- 
nately, a power switch may be disposed adjacent to each row 
and column or row only or column only. 

The second end of each actuator contacts or is fixed to a 
reactive force element which resists both expansion and con- 
traction of actuators so as to communicate actuator displace- 
ment into the substrate and thereafter into the optical surface 
so as to cause deflection thereof. The actuators may be any 
suitable piezo-based material, examples including PMN and 
PZT, capable of communicating force onto the optical surface 
in order to cause displacement in a particular location and 
direction. Actuators may be arranged in an array or other 
suitable configuration so as to ensure deformation control 
anywhere along the substrate and into the optical layer. 

A second electronics layer with nearly wireless matrix 
architecture may be bonded, embedded or otherwise coupled 
to the second end of each actuator and reactive force element 
opposite of the actuators so as to expose the matrix architec- 
ture. The second electronics layer contacts and is bonded to 
one end of each actuator in the array so as to provide electrical 
connectivity to and between actuators. The electronics layer 
may be flexible, semi-rigid, or rigid. In some embodiments, it 
may be preferred to have power electronic switches as 
described above. One or both electronics layers may be inte- 
grated within a single adaptive optical device. 

A digital controller resides on each electronics layer so as 
to receive external commands and to communicate control 
signals to amplifiers and power switches within the matrix 
architecture to effect actuator positions. External commands 
are communicated via digital communications links, includ- 
ing but not limited to Ethernet, USB, Firewire, and RS-232. 
The digital controller is implemented as a microcontroller, 
microprocessor, digital signal processor or field program- 
mable gate array on the electronics layer. 

The adaptive functionality of the present invention facili- 
tates the adjustment of charge to one or more actuators in 
response to optical measurements to achieve a desired profile 
along the optical element. The baseline optical profile may be 
achieved with all, some, or none of the actuators charged. The 
charge and discharge of actuators in the array permits adjust- 
ments to and refinements of the optical profile about the 
baseline. 

The present invention has two noteworthy advantages. The 
matrix architecture of the present invention eliminates a wir- 
ing buss, thereby increasing the effective bandwidth of actua- 
tors communicating with the substrate. The size andweight of 
the present invention is solely dominated by the size of the 
actuator elements thereby providing a compact, thin and 
lightweight solution. 

4 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross section view of the present invention 
showing a plurality of actuators disposed between a pair of 

5 electronics layers wherein one electronics layer contacts a 
reactive force element and a second optional electronics layer 
contacts a substrate having an optical layer thereon. 

FIG. 2 is a perspective view of an exemplary circular 
shaped adaptive optical device with a partial section view 

10 showing arrangement of actuator elements along one surface 
of the reactive force element. 

FIG. 3 is a schematic diagram of the matrix architecture 
within an exemplary electronics layer showing individual 
switch elements at each junction. 

FIG. 4 is a schematic diagram showing matrix architecture 
with switch elements at each row and column end. 

FIG. 5 is a schematic diagram showing matrix architecture 
with switch elements at each column end only. 

FIG. 6 is a schematic diagram of a low-leakage power 
switch having a dual gate drive arrangement. 

FIG. 7 is a perspective view of an exemplary actuator 
assembly used with a preferred approach for assembling the 
present invention. 

FIG. 8 is a view of a reactive force plate with a plurality of 
holes for use with actuators shown in FIG. 7. 
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60 DETAILED DESCRIPTION OF THE INVENTION 

Referring now to FIG. 1, an exemplary array of vertically 
disposed actuators 4 are arranged between a horizontally 
disposed reactive force element 8 and substrate 3. While five 

65 actuators 4 are shown in FIG. 1, it is possible to have an 
unlimited variety of actuator 4 configurations and arrange- 
ments. 
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The substrate 3 is composed of a material that is suffi- and polymer-based compositions. The trace architecture may 
ciently flexible so as to allow for deflection when acted upon be implemented with a variety of standard etching tech- 
by one or more actuators 4. While a variety of substrate 3 niques, thin-film deposition methods, photolithography or 
materials are possible, it is preferred that the coefficient of printing techniques understood in the art. Power switches 7, 
thermal expansion (CTE) ofthe substrate 3 closely match that 5 as in FIG. 1,12u-125 as in FIG. 4, and 12a-l2c, as in FIG. 5, 
ofthe optical layer 2 to minimize thermal induced distortions are embedded within or onto the thin-film. Exemplary switch 
of the optical surface. devices include but are not limited to MOSFET, BJT, JFETs, 

The substrate 3 has an optical layer 2 bonded, embedded, MEM switchesirelays, and thin-film transistors. 
deposited or coupled to one surface and an optional first Referring now to FIG. 2, an exemplary embodiment of the 
electronics layer 5 bonded, embedded, or coupled to a second i o  adaptive optical device 1 is shown having a plurality of actua- 
surface opposite of the optical layer 2. For example, optical tors 4 residing on a circular reactive force element 8. A por- 
layer 2 and first electronics layer 5 may be bonded to the tion of the substrate 3 is removed to show an exemplary 
substrate 3 with an epoxy. It is likewise possible to apply the arrangement of actuators 4 contacting the substrate 3 and 
optical layer 2 via coating and sputtering methods understood controlling the optical layer 2 thereon. Actuators 4 are chosen 
in the art. It is preferred to have the first electronics layer 5 15 from a wide variety of materials, including but not limited to 
electrically isolated from the substrate 3. It is also preferred to piezoelectrics, ferroelectrics (e.g., PZT and PMN), micro- 
have both optical layer 2 and first electronics layer 5 to be electro-mechanical systems (MEMS), and polymerics (e.g., 
sufficiently flexible so as to compliment the shape of the PVDF or acrylic). Actuators 4 are aligned between substrate 
substrate 3. The substrate 3 should maintain the shaped of the 3 and reactive force element 8 so that each axis of expansion 
optical layer 2 in its deformed and non-deformed states. 20 and contraction bisects both substrate 3 and reactive force 
While a planar shaped substrate 3 is described in FIG. 1, a element 8. It was also preferred that actuators 4 expand or 
variety of cross sections are possible, including concave, contract in a rapid fashion when electrically activated so as to 
convex, as well as combinations and variations thereof. achieve real time deflection of the optical layer 2. 

The reactive force element 8 is composed of a material, 
examples including titanium and composite, sufficiently rigid 25 
so as to resist deflection when acted upon by one or more 
actuators 4. The reactive force element 8 has an optional Referring now to FIG. 3, electronics layer 29 and power 
second electronics layer 6 bonded, embedded, or coupled to a switches 12 constitute the matrix architecture 11 allowing for 
surface to one surface. It is preferred to have the second efficient electrical connectivity to control large arrays of 
electronics layer 6 electrically isolated from the reactive force 30 densely packed actuators 4. Several implementations of the 
element 8. In some embodiments, it may be advantageous to matrix architecture 11 are possible. 
have the reactive force element 8 match the shape of the In the embodiments described hereafter, micro-controllers, 
substrate 3 and/or optical layer 2. digital signal processors, or FPGAs are embedded within the 

First electronics layer 5 and ~ c o n d  electronics layer 6 are matrix architecture 11 to control individual actuators 4. For 
electrically exposed opposite oftheir respective mountings so 35 host to 
as to electrically contact the actuators 4 thereon. Several communicate commands to a matrix circuitry and receive 
embodiments are possible for the first electronics layer 5 and feedback and status information from the control matrix via 
second electronics layer 6. For example, the first electronics wire and wireless Furthermore, micro-contro~~ers, 
laYer5maY be adhesively or mechanically attachedtothefirst digital signal processors, or FPGAs may be used for remote 
end 9 of each actuator 4 and the second end 10 of each 40 charge control and processing algorithms. While specific 
actuator 4 contacting, adhesively bonded or mechanically array and sizes are shown and described in 
attached to the reactive force element 8. It is likewise possible FIGS, 3-5, the present invention is not limited thereto, 
for the first electronics layer 5 to be adhesively or mechani- 
cally attached to the first end 9 of each actuator 4 and the First Implementation 
second end 10 of each actuator 4 to be adhesively or mechani- 45 Referring again to FIG. 3, the matrix architecture 11 is 
cally attached to the second electronics layer 6 residing along shown having a grid-wise arrangement of conductive path- 
the reactive force element 8. It is also possible for each actua- ways 30 forming “m” rows 31 and “n” columns 32. At each 
tor 4 to be adhesively or mechanically attached to the second intersection of a row 31 and column 32, a power switch 12 is 
electronics layer 6 along the reactive force element 8 at the electrically connected to a conductive pathway 30 having a 
second end 10 and contacting, adhesively bonded, or 50 charge from an external power amplifier, in this example 
mechanically attached to the substrate 3 at the first end 9. along a column 32, and a conductive pathway 30 having a 

Proper contact between actuators 4 and electronics layers command, in this example along a row 31, to control the 
5, 6 is required to ensure electrical interconnectivity to and power switch 12. Each power switch 12 is thereafter electri- 
between actuators 4 within an array. It was preferred to adhe- cally connected to an actuator 4 and terminated to ground 13. 
sively bond each actuator 4 to an electrical layer 5, 6 via a 55 The total number of power switches 12 and actuator 4 pairs is 
conductive epoxy. However, it was possible to attach actua- the product (mxn) of the number of rows 31 and the number 
tors 4 to one or both electronics layers 5, 6 directly via known of columns 32. 
soldering and bonding methods compatible with PVDF and A digital controller 15 dynamically selects one or more 
acrylic. rows 31 to be activated and commands one or more power 

First electronics layer 5 and second electronics layer 6 60 amplifiers to chargeidischarge one or more actuators 4 along 
interconnect the digital controller 15 to the actuators 4a-4i, as the selected one or morerows 31. WhenON, the power switch 
represented in FIGS. 4 and 5, so as to control charge flow 12 communicates charge flow from the power amplifier along 
thereto and therefrom. Both electronics layers 5, 6 are com- the conductive pathway 30 in a column 32 to the actuator 4 
prised of a thin-film structure having a trace architecture and electrically connected to the power switch 12 within the 
a plurality ofpower switches 12a-12J; as represented in FIG. 65 desired row 31. The digital controller 15 actively scans all 
4. The thin-film is a rigid, semi-rigid, and flexible planar- rows 31 to continuously refresh actuators 4 with charge. A 
disposed material, including but not limited to glass, Kapton variety of electrical connectivity schemes are possible for the 

Matrix Switch Architecture 

a micro-contro~~er may enable an 
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describcd cmbodirnent including a three-wire interface to the 
system with power, ground and digital command signal or a 
wireless digital protocol, one example being 802.1 lb. The 
latter further simplifies electrical connectivity to power and 
ground connections. 

Power switches 12 may be directly fabricated onto a thin- 
film via several techniques. For example, an array of TFTs 
may be etched or printed via photolithography during the 
course of transcribing the matrix architecture 11. Alterna- 
tively, individual power switches 12 may be attached as tiny 
discrete transistors thereby providing a far more flexible 
structure. In this latter embodiment, paper-thin MOSFET 
dyes are bonded or otherwise attached to the thin-film and 
thereafter coated with an epoxy. 

Second Implementation 
Referring now to FIG. 4, an alternate embodiment of the 

present invention is shown and described wherein the number 
of power switches 12 is equal to the sum (m+n) of number of 
columns 16 and the number of rows 17 comprising the array 
of actuators 4. 

In this embodiment, each actuator 4 is electrically con- 
nected to two power switches 12. Column-wise disposed 
actuators 4a-4d-4g, 4b-4e-4h, and 4c-4f-4i are electrically 
connected to a power switch 12a, 12b, and 12c, respectively, 
as shown in FIG. 4. Row-wise disposed actuators 4a-4b-4c, 
4d-4e-4J; and 4g-4h-4i are likewise electrically connected to 
power switches 12d, 12e, and 125 respectively, as shown in 
FIG. 4. All power switches 12a-12f are thereafter electrically 
connected to a digital controller 15 according to the column- 
wise and row-wise arrangements described above. A single 
synthetic impedance drive 14 is electrically connected to the 
digital controller 15 and thereafter to each power switch 
12a-12c communicating to the column-wise disposed actua- 
tors 4a-4d-4g, 4b-4e-4h, and 4c-4f-4i. 

The digital controller 15 communicates charge to one or 
more actuators 4a-4i within the array via the paired command 
of column switches 12a-12c and row switches 12d-12J: 
Again, the digital controller 15 scans all actuators 4a-4i and 
updates each with the desired charge. It is possible for several 
actuators 4a-4i within a single row or column to be updated at 
once. 

Third Implementation 
Referring now to FIG. 5, another embodiment of the 

present invention is shown and described inwhich the number 
of switches 12 is equal to the number of columns 16 or rows 
17 at which switches 12 are provides. The number of syn- 

4a-4i and updates each with the desired charge. Actuators 
4a-4i within one or more columns 16 may be updated at once. 

Matrix Switch Implementation 
5 

Although a variety of commercially available power 
switches 12 are applicable to the present invention, device 
selection is largely influenced by charge leakage characteris- 
tics and switching speeds. 

Referring now to FIG. 6, a low-leakage power switch 19 is 
shown and described. The low-leakage power switch 19 
includes two MOSFET switches 28a and 28b each electri- 
cally connected to a gate drive 20a and 20b, respectively, and 
thereafter electrically connected to a gate control. Each MOS- 

15 FET switch 28a and 28b is electrically connected to a block- 
ing diode 27b and 27d, respectively, in a parallel arrangement 
and a second blocking diode 27a and 27c, respectively, in a 
series arrangement. The described circuit is arranged in par- 
allel having electrical contacts 24a, 24b therefrom. Blocking 

20 diodes 27n-27d minimize leakage when each MOSFET 
switch 28a, 28b is OFF. Gate drives 20a, 20b (source refer- 
ences) control ON and OFF state of the MOSFET switches 
28a, 28b. The digital controller 15 communicates a charge 
and discharge command to the described circuit. The 

25 described circuit may be embedded within the thin film struc- 
ture of the matrix architecture 11. 

10 

Assembly of Actuators and Reactive Force Element 

30 In preferred embodiments, actuators 4 may be secured to 
the reactive force element 8 via a peg 21 and hole 26 arrange- 
ment, as shown and described in FIGS. 7 and 8. 

Referring now to FIG. 7, a peg 21 composed of a dimen- 
sionally stable material is adhesively bonded or mechanically 

35 attached to one end of the actuator 22. A head 23 is likewise 
adhesively bonded or mechanically attached at the other end 
of the actuator 22. The head 23, preferably a magnetic mate- 
rial, adheres to the back of the face sheet of the optical layer 
2. The preferred magnetic attachment scheme maintains con- 

40 tact between optical layer 2 and actuator 22 and decouples 
out-of-plane forces during movement of the actuator 22. A 
pair of electrical contacts 33a and 33b, flexible and u-shaped, 
is electrically connected to the actuator 22. The described 
electrical contacts 33a, 33b accommodate any mismatch that 

45 might exist between actuator 22 and electronics layers 5, 6 
during assembly. 

Referring now to FIG. 8, a preferred embodiment of the 
reactive force element 25 is shown having a plurality ofholes 

thetic impedance drives 14 is equal to the total number of 26 completely or partially traversing the of the 
50 element. Holes 26 were dimensionally toleranced so as to switches 12. 

In this embodiment, each actuator 4 is electrically con- enable insertion ofthe peg 21 described above into the hole 
netted to One power switch 12. For 26. Holes 26 are precisely located along the reactive force 
disposed actuators 4~-4d-4g, 4b-4e-4k and 4 ~ - 4 ! 4 i  are dec- element 25 so as to precisely locate each actuator 22 within an 
tricallY COnneCted to a Power switch 12% 12b, and 12C, array. It was preferred to have each hole 26 chamfered to 
respectively, as shown in FIG. 5. Row-wise disposed actua- 55 facilitate a good epoxy bond, 
tors 4a-4b-4c, 4d-4e-45 and 4g-4h-4i are electricalb' termi- The description above indicates that a great degree of flex- 
nated to ground Power ibility is offered in terms of the present invention. Although 
switches 12a-12c are thereafter electrically connected to a the present invention has been described in considerable 
digital controller 15 according to the column-wise arrange- detail with reference to certain preferred versions thereof, ment described above. Synthetic impedance drives 14a, 14b, 60 other versions are possible. Therefore, the spirit and scope of 
and 14c are electrically connected to the digital controller 15 the appended claims should not be limited to the description 
and thereafter to eachpower switch 12a, 12b, and 12c, respec- ofthe preferred versions contained herein, 
tively . 

The digital controller 15 communicates charge to the col- 
um-wise actuators &-4d-4g, 4b&-4h, and 4c-4f-4i within 6 5  
the array via the individual command of each column switch 
12a-12c. Again, the digital controller 15 scans all actuators 

lSb, and 's', 

The invention claimed is: 
1. A thin, nearly wireless adaptive Optical device COmpriS- 

(a) a flexible substrate; 
ing: 
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(b) a flexible optical layer attached to one surface of said electrically connected thereto, each said power switch dis- 
posed within said matrix architecture. 

(c) a reactive force element; 3. The thin, nearly wireless adaptive optical device of claim 
(d) an electronics layer having a matrix architecture 1, wherein at least two said actuators having one said power 

to said reactive force element and electrically 5 switch electrically connected thereto, said power switch dis- 
isolated therefrom, said matrix architecture electrically Posed within said matrix architecture. 
exposed opposite of said reactive force element; 4. The thin, nearly wireless adaptive optical device of claim 

responsive material and having a first end and a second switches electrically connected thereto, said power switches 
end, said actuators communicating with said flexible i o  disposed within said matrix architecture. 
substrate opposite of said flexible optical layer at said 5. The thin, nearly wireless adaptive optical device ofclaim 
first end, said actuators communicating with said matrix further comprising: 
architecture within said electronics layer at said second (g) a digital controller disposed within said matrix archi- 

tecture, said digital controller having an IiO interface for end, each said actuator aligned so that expansion and 
contraction thereof intersects said flexible substrate and l5 receiving commands and communicating Optical 

flexible substrate; 

(e) a plurality of actuators composed of an electrically 1, wherein at least two said actuator having said power 

said reactive force element, said reactive force element 
resisting expansion and contraction of said actuators; 
and 

(f) at least one power switch communicating with said 
actuators along said electronics layer. 

2. The thin. nearlv wireless adaDtive oDtical device of claim 
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state information. 
6. The thin, nearly wireless adaptive optical device as in 

one of claims 1-5, wherein said power switch compromises a 
pair of MOSFET switches each electrically connected to at 
least two blocking diodes and arranged to minimize charge 
leakage. 

1, wherein each said actuator having one said power switch * * * * *  


